Airy plasmons in graphene based waveguides by Li, Rujiang et al.
ar
X
iv
:1
60
4.
05
98
6v
1 
 [p
hy
sic
s.o
pti
cs
]  
20
 A
pr
 20
16
Airy plasmons in graphene based waveguides
Rujiang Li1,2,3, Muhammad Imran1,2,3, Xiao Lin1,2,3, and Hongsheng Chen1,2,3
1State Key Laboratory of Modern Optical Instrumentation, Zhejiang University, Hangzhou 310027, China
2College of Information Science and Electronic Engineering,
Zhejiang University, Hangzhou 310027, China and
3The Electromagnetics Academy of Zhejiang University, Zhejiang University, Hangzhou 310027, China∗
In this paper, we propose that both the quasi-transverse-magnetic (TM) and quasi-transverse-
electric (TE) Airy plasmons can be supported in graphene-based waveguides. The solution of Airy
plasmons is calculated analytically and the existence of Airy plasmons is studied under the paraxial
approximation. Due to the tunability of the chemical potential of graphene, the self-accelerating
behavior of quasi-TM Airy plasmons can be steered effectively, especially in multilayer graphene
based waveguides. Besides the metals, graphene provides an additional platform to investigate the
propagation of Airy plasmons and to design various plasmonic devices.
I. INTRODUCTION
Quantum-optical analogies have always been the hot
research topics in recent years [1, 2]. The concept of
“Airy beams” is first proposed within the context of
quantum mechanics, where the probability density of the
Airy wave packet propagates without spreading, and ac-
celerates even though no force acts [3]. Optics provides
a fertile ground to realize the Airy beams. To extend
the concept of “Airy beams” into optics, the amplitude
must be truncated to ensure the containment of finite
energy [4, 5] and to enable the experimental realizations
[6]. In optics, Airy beams are non-diffracting waves that
propagate along a parabolic trajectory in a homogeneous
medium. Besides, Airy beams have the remarkable prop-
erty of self-healing, where the beams tend to reform dur-
ing propagation after the action of perturbations [7]. Due
to their intriguing properties, the concept of Airy beams
have been extended into various fields of physics, such as
temporal pulses [8, 9], spin waves [10], plasma [11], and
water waves [12].
Airy plasmons are surface plasmon polaritons (SPPs)
that propagate along the metal-dielectric interface in the
form of Airy beams [13]. Considering the subwavelength
confinement of SPPs, Airy plasmons are very attractive
for ultra-compact planar plasmonic devices. To insure
the validity of the paraxial approximation and a large
enough self-deflection distance, Airy plasmons can only
exist in certain parameter ranges [14]. For the metal-
based plasmonic waveguides, the generation [15–17], col-
lision [18], and control [19, 20] of Airy plasmons have all
been studied.
In recent years, graphene, a two dimensional hexago-
nal crystal carbon sheet with only one atom thick, has at-
tracted much attention as a good counterpart in the THz
frequencies of metals in the optical frequencies [21]. Since
its ballistic transport and ultrahigh electron mobility [22–
24], the surface conductivity of graphene is almost purely
∗Electronic address: (H. Chen): hansomchen@zju.edu.cn
imaginary in the THz frequencies [25]. In other words,
graphene can be treated as a thin film of metal with a low
loss. Due to this intriguing property, Airy plasmons have
been proposed in a plasmonic waveguide based on the
monolayer graphene without the paraxial approximation
[26]. However, strictly speaking, Airy beam is a solution
of the Schro¨dinger equation in the paraxial approxima-
tion. The validity of the paraxial approximation and the
properties of Airy plasmons in graphene based waveg-
uides should be discussed. In this paper, based on the
analytical solution of Airy plasmons in the paraxial ap-
proximation, we will show that both the quasi-transverse-
magnetic (TM) and quasi-transverse-electric (TE) Airy
plasmons can be supported in graphene-based waveg-
uides. Compared with the metal based waveguides, the
self-accelerating behavior of Airy plasmons in graphene
based waveguides can be steered effectively by tuning the
chemical potential of graphene.
This paper is organized as follows. First, in section
II, we briefly review the plasmonic modes of graphene
based waveguides. Second, the Airy plasmons supported
in graphene based waveguides are discussed in section
III. Third, in section IV, the self-accelerating behavior
of Airy plasmons is steered effectively both in monolayer
and multilayer graphene based waveguides by tuning the
chemical potential of graphene. Finally, section V is the
conclusion.
II. PLASMONIC MODES
For completeness, in this section, we will briefly review
the plasmonic modes supported by the planar dielectric-
graphene-dielectric waveguide structure. The structure
is schematically shown in Fig. 1, where the graphene
layer is placed on the xz plane, and sandwiched by the
dielectric 1 (yellow area) and dielectric 2 (pink area). The
permittivities and permeabilities of the two dielectrics are
(ε1, µ1) and (ε2, µ2), respectively.
This planar waveguide supports both the TM and TE
plasmonic modes [27, 28], where the dispersion relation
2FIG. 1: (Color Online) Schematic of the structure, where the
graphene layer is placed on the xz plane, and sandwiched by
the dielectric 1 (yellow area) and dielectric 2 (pink area). The
permittivities and permeabilities of the two dielectrics are (ε1,
µ1) and (ε2, µ2), respectively.
is
ε1
k1
+
ε2
k2
+ i
σg
ωε0
= 0 (1)
for the TM mode,
k1
µ1
+
k2
µ2
− iσgωµ0 = 0 (2)
for the TE mode, k1 =
√
β2 − k20ε1µ1, k2 =√
β2 − k20ε2µ2, ω = 2pif is the angular frequency, k0 =
ω/c is the wavenumber in free space, σg is the surface
conductivity of graphene, and β is the propagation con-
stant. If both the dielectric 1 and dielectric 2 are air,
namely ε1 = ε2 = 1 and µ1 = µ2 = 1, the dispersion
relation for the TM plasmonic mode reduces to
β = k0
√
1−
(
2
η0σg
)2
, (3)
and the dispersion relation for the TE plasmonic mode
reduces to
β = k0
√
1−
(η0σg
2
)2
, (4)
where η0 =
√
µ0/ε0 is the characteristic impedance of
free space.
Besides, the surface conductivity of monolayer
graphene can be calculated according to the Kubo for-
mula σg (ω, µc, τ, T ) = σintra + σinter, where
σintra =
ie2kBT
pi~2 (ω + iτ−1)
[
µc
kBT
+ 2 ln
(
e−µc/kBT + 1
)]
(5)
is due to intraband contribution, and
σinter =
ie2
(
ω + iτ−1
)
pi~2
∫
∞
0
fd (−ε)− fd (ε)
(ω + iτ−1)
2 − 4 (ε/~)2 dε
(6)
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FIG. 2: (Color Online) Top row: The dependence between
the surface conductivity and the chemical potential, where
σg,r is the real part of surface conductivity, and σg,i is the
imaginary part. Bottom row: The dependence between the
propagation constant and the chemical potential, where βr is
the real part of propagation constant, and βi is the imaginary
part. The incident frequency is f = 10 THz for (a)-(b) and
f = 100 THz for (c)-(d).
is due to interband contribution [29, 30]. In the above
formula, −e is the charge of an electron, ~ = h/2pi is the
reduced Plank’s constant, T is the temperature, µc is the
chemical potential, τ = µµc/ev
2
F is the carrier relaxation
time, µ is the carrier mobility which ranges from 1 000
cm2/(V · s) to 230 000 cm2/(V · s) [31], vF = c/300 is the
Fermi velocity, fd (ε) = 1/
[
e(ε−µc)/kBT + 1
]
is the Fermi-
Dirac distribution, and kB is the Boltzmann’s constant.
In the following, we choose a moderate mobility of µ =
50 000 cm2/(V · s), T = 300 K, and the chemical poten-
tial µc is tuned between 0 eV to 1 eV [29]. Due to the
finite carrier relaxation time, the surface conductivity of
graphene can be expressed as σg = σg,r+ iσg,i, where the
real part σg,r is related to the optical loss of graphene,
and the imaginary part σg,i is related to the permittivity
[25]. Correspondingly, the propagation constant can also
be expressed as β = βr + iβi according to Eqs. (3)-(4),
where the imaginary part βi is related to the propagation
length of the plasmonic mode with L = 1/2βi [32].
Based on Eqs. (5)-(6), we can get the surface con-
ductivity of monolayer graphene at different frequencies.
As shown in Fig. 2(a), for f = 10 THz, both the real
and imaginary parts of surface conductivity are always
positive. Since a positive σg,i can lead to a negative per-
mittivity, this implies that this structure supports the
TM plasmonic mode, where the dependence between the
propagation constant and the chemical potential is shown
in Fig. 2 (b). From the imaginary part of surface con-
ductivity, the propagation length of the TM plasmonic
mode decreases for small chemical potentials. In con-
trast, the dependence between the surface conductivity
and the chemical potential shows a different behavior
for f = 100 THz, as shown in Fig. 2(c). The imag-
inary part of surface conductivity is negative for 0 eV
3≤ µc ≤ 0.254 eV, which implies the existence of the TE
plasmonic mode. Fig. 2(d) shows the dependence be-
tween the propagation constant and the chemical poten-
tial of the TE mode, where the real part βr is nearly equal
to the wavenumber in free space, and the imaginary part
βi is nearly equal to zero. Thus the TE plasmonic mode
supported by the planar waveguide is a weekly confined
mode that can propagate for a long distance.
III. AIRY PLASMONS
In this section, we study the Airy plasmons that prop-
agate in the planar plasmonic waveguide shown in Fig. 1.
We assume that the solution of Airy plasmons is a per-
turbation of the plasmonic mode, and the Airy plasmons
behave as a quasi-TM or quasi-TE mode approximately.
The Helmholtz equation is
∇2Φ + k20ε (y)Φ = 0, (7)
where ε (y) is the distribution of the relative permittivity,
Φ = Hy(x, y, z) for the quasi-TM Airy plasmons, and
Φ = Ey(x, y, z) for the quasi-TE Airy plasmons. The
scalar field Φ (x, y, z) can be expressed as a functional
dependence of the form
Φ (x, y, z) = ψ (x, z)Φ0 (y) exp (iβz) , (8)
where the dimensionless scalar function ψ (x, z) is depen-
dent on both the transverse direction x and the propaga-
tion direction z, the scalar function Φ0 (y) is only depen-
dent on the transverse direction y, and β is a parameter
that is related to the z component of the wavevector.
Substituting Eq. (8) into Eq. (7), multiplying the result
by Φ∗0 (y), and integrating over y direction yields a scalar
wave equation[
2iβ
∂ψ
∂z
+
∂2ψ
∂x2
]
+
[
I2
I0
+ k20ε− β2
]
ψ = 0, (9)
where I0 =
∫ +∞
−∞
|Φ0 (y)|2 dy, I2 =
∫ +∞
−∞
Φ′′0 (y)Φ
∗
0 (y)dy,
and the term ∂2ψ/∂z2 is neglected by employing the
paraxial approximation [14, 33]. For the slowly vary-
ing amplitude, the scalar function is expressed as
ψ (x, z) = φ (x, z) exp
{
i
[
I2/I0 + k
2
0ε (y)− β2
]
/ (2β) z
}
,
which leads to the one-dimensional Schro¨dinger equation
iφz (x, z) + (1/2β)φxx (x, z) = 0. If the function Φ0 (y)
is chosen as the magnetic (electric) field distribution of
TM (TE) plasmonic mode of the waveguide, and the pa-
rameter β = βr + iβi is the corresponding propagation
constant, I2/I0 + k
2
0ε (y) − β2 = 0 and the Schro¨dinger
equation for the amplitude ψ is
i
∂ψ (s, ξ)
∂ξ
+
∂2ψ (s, ξ)
∂s2
= 0, (10)
where s = x/x0 is the dimensionless transverse coordi-
nate, ξ = z/2βx20 is the dimensionless complex propaga-
tion distance, and x0 is an arbitrary transverse scale.
For Eq. (10), its finite energy Airy plasmon solution
at the input of ψ (s, 0) = Ai (s) exp (as) is
ψ (s, ξ) =Ai
(
s− ξ2 + i2aξ) exp [i (sξ + a2ξ − 2ξ3/3)]
× exp (as− 2aξ2) , (11)
where a is a positive decay factor to truncate the ampli-
tude at the negative infinity. According to the integral
representation of Airy function [34], Eq. (11) can also be
built using plane waves
ψ (s, ξ) =
1
2pi
∫ +∞
−∞
Φ (ks, ξ) e
ikssdks, (12)
where
Φ (ks, ξ) = e
a
3
3 e−ia
2kse−ak
2
sei
k
3
s
3 e−ik
2
s
ξ (13)
is the Fourier spectrum of the k-space, the cubic phase
term exp
(
ik3s/3
)
is associated with the spectrum of
the Airy wave, the first Gaussian function exp
(−ak2s)
arises from the exponential apodization of the beam,
and the second Gaussian function exp
(
k2sξi
)
is nonzero
with ξi = −βiz/
[
2
(
β2r + β
2
i
)
x20
]
because of the optical
loss of graphene. From Eqs. (8), (12)-(13), the x and
z components of the wavevector are kx = ks/x0 and
kz = (βr + δβr) + i (βi + δβi), respectively, where δβr =
−k2xβr/
[
2
(
β2r + β
2
i
)]
, and δβi = k
2
xβi/
[
2
(
β2r + β
2
i
)]
.
To insure the validity of the quasi-TM or quasi-TE
mode condition, the wavevector components must sat-
isfy |kx| ≪ βr, |δβr| ≪ βr, and |δβi| ≪ βi. Given the
Gaussian spectrum of the Airy plasmon in Eq. (13), the
three conditions reduce to√
a+
βiz
2 (β2r + β
2
i )x
2
0
βrx0 ≫ 1. (14)
Since Eq. (14) should be fulfilled for arbitrary propaga-
tion distance z, we let
√
aβrx0 ≫ 1. (15)
Besides, the paraxial approximation holds provided that∣∣∂2ψ/∂z2∣∣ ≪ |2iβ∂ψ/∂z|, namely |δβ| ≪ 2 |β|. This
approximation also holds, if Eq. (15) is valid.
Considering the optical loss of graphene and according
to Eq. (11), the parabolic self-deflection experienced by
the Airy plasmons during propagation can be estimated
as
z2 = 4β2rx
3
0x. (16)
Taking La = 1/2βi as the analytically estimated propa-
gation length of Airy plasmons [14], the transverse dis-
placement of the beam at the propagation length can be
calculated analytically as
∆xa(z = La) =
1
16β2rβ
2
i x
3
0
. (17)
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FIG. 3: (Color Online) Left panel: The magnetic field inten-
sity distribution of the quasi-TM Airy plasmons at (a) the xz
plane with y = 0 and (b) the xy plane with z = 0, respec-
tively, where a = 0.1, f = 10 THz, x0 = 10 µm, and µc = 0.8
eV. Right panel: The electric field intensity distribution of
the quasi-TE Airy plasmons at (c) the xz plane with y = 0
and (d) the xy plane with z = 0, respectively, where a = 0.1,
f = 100 THz, x0 = 50 µm, and µc = 0.1 eV.
To realized the Airy plasmons in graphene-based waveg-
uides, Eq. (15) must be fulfilled to insure the validity
of the paraxial approximation. Since the decay factor a
is usually small to avoid excessively changing the non-
diffracting behavior of Airy beams, the real part of prop-
agation constant βr and the transverse scale x0 must be
large enough. However, from Eq. (17), the decrease of
the transverse displacement ∆xa would be a challenge
for the detection and measurement of Airy plasmons ex-
perimentally. A contradiction exists between the validity
of the paraxial approximation and a large enough trans-
verse displacement.
From Eq. (11), the decay factor a imposes an at-
tenuation to the propagation of Airy plasmons, and ξi
introduces extra exponential terms. This imposes er-
rors to the analytical results La and ∆xa. Thus we
can also calculate the propagation length of Airy plas-
mons numerically, and compare it with La. The prop-
agation length Ln is defined as the distance where the
input power P =
∫ +∞
−∞
|Φ (x, y = 0, z)|2 dx decreases to
e−1P0 along the propagation direction, where P0 =∫ +∞
−∞
|Φ (x, y = 0, z = 0)|2 dx is the initial input power.
Accordingly, the transverse displacement ∆xn can be de-
fined as the displacement of the maximum field intensity
during propagation. Since the solution of Airy plasmons
is assumed to be a perturbation of the plasmonic mode,
our model is valid if the analytical propagation length
La and transverse displacement ∆xa are approximately
equal to the numerical propagation length Ln and trans-
verse displacement ∆xn, respectively.
First, we focus on the quasi-TM Airy plasmons. Figs.
3(a) and (b) show the magnetic field intensity distribu-
tions at the xz plane with y = 0 and the xy plane with
z = 0, respectively, where the parameters are a = 0.1,
f = 10 THz, x0 = 10 µm, and µc = 0.8 eV to insure the
validity of Eq. (15). The field intensity at the xz plane
exhibits the self-deflection behavior of Airy beam, and
the intensity at the xy plane is governed by the localized
TM plasmonic mode of the graphene-based waveguide.
Since the TM mode is highly localized along the graphene
surface, the width of the main lobe is much larger than
its height. Meanwhile, although the surface conductivity
of monolayer graphene is almost purely imaginary with
σg = 0.006 + 1.498i mS, the energy attenuation experi-
enced by TM Airy plasmons is large and the propaga-
tion length is quite limited. For the parameters in Figs.
3(a) and (b), the propagation length is Ln = 170.5 µm
(La = 175.4 µm), and the corresponding transverse dis-
placement at the propagation length is ∆xn = 12.1 µm
(∆xa = 12.9 µm), where the analytical result is nearly
equal to the numerical result. If we take 2x0 as a measure
of the width of the main lobe, the beam is only displaced
by half width approximately.
Similarly, for the quasi-TE Airy plasmons, Figs. 3(c)
and (d) show the electric field intensity distribution at
the xz plane with y = 0 and xy plane with z = 0, respec-
tively, where the parameters are a = 0.1, f = 100 THz,
x0 = 50 µm, and µc = 0.1 eV to insure the validity of Eq.
(15). The field intensity at the xz plane also exhibits the
self-deflection behavior of Airy beam, while the intensity
at the xy plane is governed by the localized TE plasmonic
mode of graphene-based waveguide. Since the TE mode
is weakly localized along the graphene surface, the width
of the main lobe is much smaller than its height. Mean-
while, the energy attenuation experienced by TE Airy
plasmons is small, and the propagation length is quite
large due to the weak localized field. For the parameters
in Figs. 3(c) and (d), the propagation length is Ln = 28.1
mm (La = 29.6 mm), and the corresponding transverse
displacement at the propagation length is ∆xn = 0.4 mm
(∆xa = 0.4 mm), which is about 4 times of the width of
the main lobe.
By comparing the quasi-TM Airy plasmons with the
quasi-TE Airy plasmons, we can conclude that the quasi-
TE Airy plasmons have a larger transverse displacement
because of the weak confinement and low propagation
loss. This is favourable to the realization of Airy beams
in experiments. However, as shown in Fig. 2, the prop-
agation constant of TM plasmonic mode is sensitive to
the chemical potential of graphene, which can be tuned
by the chemical doping and/or a gate voltage [29]. Thus
the propagation of TM Airy plasmons can be steered by
the chemical potential externally.
IV. BEAM STEERING
To steer the self-deflection behavior of quasi-TM Airy
plasmons, the chemical potential of monolayer graphene
can be tuned externally. As shown in Fig. 4 (a), the
propagation length of Airy plasmons changes effectively
when the chemical potential changes, where the parame-
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FIG. 4: (Color Online) Left panel: (a)-(b) The (a) propaga-
tion length and (b) transverse displacement at z = 90 µm
of quasi-TM Airy plasmons in the monolayer graphene based
waveguide for different values of chemical potential, where
Ln and ∆xn are numerical results, and La and ∆xa are an-
alytical results. Right panel: The magnetic field intensity
distributions of the quasi-TM Airy plasmons at the xz plane
with y = 0 for (c) µc = 0.6 eV, and (d) 1.0 eV, respectively.
The dashed black line in (a) and white lines in (c)-(d) indicate
z = 90 µm. The parameters are a = 0.1, f = 10 THz, and
x0 = 10 µm.
ters are a = 0.1, f = 10 THz, and x0 = 10 µm to insure
the validity of Eq. (15). Note the analytical result La
calculated from Eq. (16) agrees well with the numeri-
cal result Ln. When the chemical potential is small, the
imaginary part of the propagation constant βi is large
and the corresponding propagation length is small. This
is unfavorable for the propagation of Airy plasmons.
To evaluate the tunability of self-deflection behavior,
we require that the propagation length should be larger
than 90 µm, which is 3 times of the wavelength in free
space. Under this requirement, the chemical potential is
within 0.6 eV ≤ µc ≤ 1.0 eV, and the transverse displace-
ment of Airy plasmons at z = 90 µm varies from 2.0 µm
to 5.1 µm, as shown in Fig. 4(b). Fig. 4 (c)-(d) show
the magnetic field intensity distribution of the quasi-TM
Airy plasmons in the monolayer graphene based waveg-
uide for µc = 0.6 eV, and 1.0 eV, respectively. Clearly,
the transverse displacement is changed effectively, which
is promising for the detection, sensing, and other appli-
cations.
In the above discussion, we always use monolayer
graphene. However, multilayer graphene is also impor-
tant for the study of Airy plasmons. First, it is hard to
fabricate the strict monolayer graphene in experiments,
and it is very likely that the used graphene is not mono-
layer in practical applications. Second, the plasmonic
mode supported by the multilayer graphene has a longer
propagation length [35, 36], and it is likely to increase the
propagation length and transverse displacement of Airy
plasmons by increasing the number of layers of graphene.
Considering the two factors, in the following, we study
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FIG. 5: (Color Online) Left panel: (a) The dependence be-
tween the propagation constant and the chemical potential for
the TM plasmonic mode in the bilayer graphene based waveg-
uide, where βr is the real part of propagation constant, and
βi is the imaginary part. (b)-(c) The (b) propagation length
and (c) transverse displacement at z = 90 µm of quasi-TM
Airy plasmons for different values of the chemical potential,
where Ln and ∆xn are numerical results, and La and ∆xa
are analytical results. Right panel: The magnetic field inten-
sity distributions of the quasi-TM Airy plasmons at the xz
plane with y = 0 for (d) µc = 0.4 eV, (e) 0.7 eV, and (f) 1.0
eV, respectively. The dashed black line in (b) and white lines
in (d)-(f) indicate z = 90 µm. The parameters are a = 0.1,
f = 10 THz, and x0 = 10 µm.
the Airy plasmons and try to improve the tunability of
beam steering based on multilayer graphene.
The surface conductivity of multilayer graphene can be
calculated asNσg forN < 6 [37–39], whereN is the num-
ber of layers, and σg is the surface conductivity of mono-
layer graphene. For the calculation of plasmonic mode
and Airy plasmons based on multilayer graphene, we only
need to replace σg for the monolayer graphene with Nσg.
We consider the bilayer graphene withN = 2 as an exam-
ple. As shown in Fig. 5 (a), both the real and imaginary
parts of propagation constant of TM plasmonic mode in
the bilayer graphene based waveguide decrease compared
with the results shown in Fig. 2(b). Thus, for the same
parameters of a = 0.1, f = 10 THz, and x0 = 10 µm,
Airy plasmons based on bilayer graphene have a larger
propagation length, as shown in Fig. 5 (b). Meanwhile,
the transverse displacement at a same propagation dis-
tance would also increase according to Eq. (16). Note in
Fig. 5 (b), the analytical results deviate from the numer-
ical results for large values of chemical potential. This is
due to the decrease of
√
aβrx0 in the paraxial approxi-
6mation condition of Eq. (15).
Similarly, to evaluate the tunability of self-deflection
behavior, we also require that the propagation length
should be larger than 90 µm. Under this requirement,
the chemical potential of bilayer graphene is within 0.4
eV ≤ µc ≤ 1.0 eV, and the transverse displacement of
Airy plasmons at z = 90 µm varies from 3.4 µm to 15.2
µm. The range of transverse displacement is almost 4
times of that for the Airy plasmons based on monolayer
graphene. Fig. 5 (d)-(f) show the magnetic field intensity
distribution of the quasi-TM Airy plasmons in the bilayer
graphene based waveguide for µc = 0.4 eV, 0.7 eV, and
1.0 eV, respectively. Compared with the Airy plasmons
based on monolayer graphene, Airy plasmons based on
bilayer graphene shows a larger tunability, where the self-
deflection behavior can be tuned more effectively. Thus
the multilayer graphene provides a better platform to the
beam steering compared with the monolayer graphene.
V. CONCLUSION
In conclusion, we derive an analytical model under the
paraxial approximation to study the Airy plasmons in
graphene-based waveguides. Both the quasi-transverse-
magnetic (TM) and quasi-transverse-electric (TE) Airy
plasmons can be supported, where the quasi-TE Airy
plasmons have larger propagation length and transverse
displacement, and the quasi-TM Airy plasmons show
a better tunability to steer the self-deflection behav-
ior. Moreover, for the quasi-TM Airy plasmons, the
propagation length and the range of transverse displace-
ment can be increased, if multilayer graphene is used
in the graphene-based waveguides. Besides the metals,
graphene provides an additional platform to investigate
the propagation of Airy plasmons and to design various
plasmonic devices.
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